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METHOD FOR THE PREPARATION OF ARYL
PIPERAZINYL-HETEROCYCLIC
COMPOUNDS

FIELD OF INVENTION

The present mnvention relates to a novel method for the
preparation of arylpiperazinyl-ethyl (or butyl)-heterocyclic
compounds of formula (I) by reacting N-arylpiperazine com-
pound of formula (II) with a alkyl halide compound of the
tormula (III) without any solvent or optionally with minimum
amount of non aqueous suspending liquid. In particular, the
present invention relates to a process for the manufacture of
Ziprasidone, chemically known as 5-(2-(4-(1,2-benzisothia-
zol-3-y1)-1-piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1n-
dol-2-one, which 1s an antipsychotic agent used for the treat-
ment of schizophrenia.

BACKGROUND OF THE INVENTION

U.S. Pat. No. 4,831,031 discloses that arylpiperazinyl-
ethyl (or butyl)-heterocyclic compounds of formula (I) may
be prepared by reacting piperazines of the formula (II) with
compounds of the formula (I1I) 1n a polar organic solvent; 1n
the presence of a tertiary amine base or alkali metal base, and
in the further presence of catalytic amount of sodium 1odide.
The final product 1s purified by chromatography.

Ziprasidone covered in 031 1s synthesized by the coupling
reaction of 3-piperazinylbenzo|d]isothiazole and 6-chloro-5-
(2-chloroethyl)indolin-2-one.

The abovementioned method suffers from the following
disadvantages,

1) Longer reaction time of 24 to 72 hours,

2) Formation of considerable quantities of by products,

3) Environmental burden of handling and disposal of aqueous
and non aqueous effluents,

4) Special purification techniques like chromatography and,

5) Variable yields ranging from 14 to 84%.

U.S. Pat. No. 5,206,366 discloses a process for making (1),
in particular Ziprasidone, by reacting equimolar amounts of
(II) and (III) 1n water and 1n the presence of a neutralizing
agent such as Na,CO,, at refluxing temperature for about 9 to

12 hours.

Further U.S. Pat. No. 5,338,846 discloses a process for the
preparation of hydrochloride salt of (I), 1n particular Ziprasi-
done, by retfluxing an equimolar mixture of hydrochloride salt
of (II) with (III) 1n water and in presence of a neutralizing

agent Na,CO, for about 8 to 16 hours.

The methods disclosed in *366 and *846 uses large excess
of neutralizing agent and water resulting 1n voluminous reac-
tion mixture and chances of residual carbonate impurities in
the final product.

Surprisingly, we have found that the above coupling reac-
tion to manufacture (I) could be achieved by mixing (1I) and
(III) and heating to an appropriate temperature without the
use of any solvent or optionally as a suspension 1n a minimum
quantity ol a non-aqueous suspending liquid in the presence
ol a neutralizing agent and catalytic amount of alkali metal
halide. The reaction occurs 1n the fused state by the melting of
one of the reactants and the resulting suspension will facilitate
proper mixing and better heat transfer.
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2

The process of present invention thus dispenses with the
need for using large amounts of solvents for the coupling
process as 1n the prior-art methods.

SUMMARY OF THE INVENTION

Thus according to the main aspect of the present invention
there 1s provided a novel method for the preparation of com-
pounds of formula I

. 0
7
N—<62H4>H—JY>

Ar—N

wherein Ar 1s naphthyl optionally substituted with one to four
substituents independently selected from fluoro, chloro, trif-
luoromethyl, methoxy, cyano and nitro; quinolyl; 1so-
quinolyl; quinazolyl; 6-hydroxy-8-quinolyl; benzoisothiaz-
olyl or an oxide or dioxide thereof, each optionally
substituted with one or more substituents independently
selected from {fluoro, chloro, trifluoromethyl, methoxy,
cyano, and nitro; benzothiazolyl; benzothiadiazolyl; benzot-
riazolyl; benzoxazolyl, benzoxozolonyl, indolyl; indanyl
optionally substituted by one or two fluoro; 3-indazolyl
optionally substituted by 1-tnfluoromethylphenyl; or
phthalazinyl;
nis 1 or2; and
X and Y together with the phenyl to which they are
attached, form a ring system selected from quinolyl;
2-hydroxyquinolyl; benzothiazolyl; 2-aminobenzothia-
zolyl; benzoisothiazolyl; indazolyl; 3-hydroxyinda-
zolyl; indolyl; spiro[cyclopentane-1,3"-indolinyl]; and
oxindolyl; wherein said ring system may optionally be
substituted with one to three substituents independently
selected from (C1-C3) alkyl, or with one substituent
selected from chloro, fluoro; benzoxazolyl, 2-ami-
nobenzoxazolyl; benzoxozolonyl; 2-aminobenzox-
azolinyl; benzothiazolonyl; benzoimidazolonyl; or ben-
zotriazolyl; and phenyl optionally substituted with one
chloror or fluoro; said process comprises reacting a
monosubstituted piperazine of the formula II

(1)

wherein Ar 1s as defined above, with an alkyl halide contain-
ing compound of the formula III

(I1T)

\ /

Y

Hal(CyHa),

wherein n, X and Y are as defined above and Hal 1s fluoro,
chloro, bromo or10do, by heating 1n solvent free conditions or
optionally as a suspension 1in minimum quantity of non-aque-
ous suspending liquid, in presence of a catalyst and a neutral-
1zing agent.
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DETAILED DESCRIPTION OF THE INVENTION

In the process of the present invention the coupling 1s
cifected by heating the mixture of (II) and (III) at a tempera-
ture 1n the range o 50° C. to 150° C., preferably between 70°
C. to 120° C. and more preferably between 90° C. to 100° C.
in the presence of a neutralizing base, such as organic base as
well as alkali metal carbonate, for instance potassium carbon-
ate and catalytic amount of alkali metal halide such as, potas-
sium 10dide without any solvent or optionally as a suspension
in a minimum quantity of a non-aqueous suspending liquid,
for example, sulfolane or diphenyl oxide or paraffin. The
reaction occurs 1n the fused state by the melting of one of the
reactant and the suspension will facilitate proper mixing and
better heat transier.

Preferred compound manufactured using the process of the
present invention 1s 5-(2-(4-(1,2-benzisothiazol-3-yl)-1-pip-
crazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-one.

The process has the following advantages over prior-art
processes,

(1) Does not require tedious purification procedures such as
chromatographic separation.

(2) As no solvent or optionally a minimum of suspending
liquid 1s used, the problems associated with handling and
disposal of aqueous and non-aqueous effluents and also
those of residual solvent in the finished product are dis-
pensed with.

(3) Smaller reaction volume facilitates scaling up of the reac-
tion.

The invention 1s further illustrated by the following non-
limiting examples.

Example 1

Preparation of 5-(2-(4-(1,2-benzisothiazol-3-y1)-1-
piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-
one (Ziprasidone)

In a 50 ml 3 necked round bottom flask there were placed
1 gram (4.56 mmol) of 3-piperazinylbenzo[d]isothiazole;
1.25 grams (5.43 mmol) of 6-chloro-5-(2-chloroethyl)indo-
lin-2-one; 50 mg of potassium 1odide; 0.82 gram (5.94 mmol)

ol potassium carbonate and 3 ml of sulfolane. The contents of

the flask were heated to 95° C. to 100° C. The reaction was
monitored by HPLC. After completion of the reaction, 50 ml
of DM water was added to the reaction mixture and stirred.
The product was filtered off and washed with water and dried
to obtain 1.41 grams (75%) of 3-(2-(4-(1,2-benzisothiazol-3-
y1)-1-piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-

one. The crude product was purified by IPA and/or THF. The
product matched the spectra of a standard NMR and showed
the correct retention time by HPLC with 98.0% assay. The
melting point of the compound was found to be 218° C.-220°

C., and was found to conform with the melting point of

218°-220° C. as disclosed 1n U.S. Pat. No. 5,206,366.

Example 2

Preparation of 5-(2-(4-(1,2-benzisothiazol-3-yl)-1-
piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-
one (Ziprasidone)

In a 50 ml 3 necked round bottom flask there were placed

1 gram (4.56 mmol) of 3-piperazinylbenzo[d]isothiazole; 2.5
grams (10.86 mmol) of 6-chloro-3-(2-chloroethyl)indolin-2-

one; 50 mg of potassium 10dide; 1.64 grams (11.88 mmol) of

potassium carbonate. The contents of the flask were heated to
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90° C. The reaction was monitored by HPLC. After comple-
tion of the reaction, 50 ml of DM water was added to the
reaction mixture and stirred. The product was filtered off and
washed with water and dried to obtain 1.41 grams (75%) of
5-(2-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl )ethyl)-6-

chloro-1,3-dihydro-2H-1ndol-2-one. The crude product was
purified by IPA and/or THF. The product matched the spectra
of a standard NMR and showed the correct retention time by

HPLC with 98.0% assay. The melting point of the compound
was found to be 218° C.-220° C., and was found to conform

with the melting point o1 218° C.-220° C. as disclosed in U.S.
Pat. No. 5,206,366.

Example 3

Preparation of 5-(2-(4-(1,2-benzisothiazol-3-yl)-1-
piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-
one (Ziprasidone)

In glass-lined reactor placed 21.1 Kg (96.34 mole) of
3-piperazinylbenzo[d]isothiazole; 31 kg (134.7 moles) of
6-chloro-5-(2-chloroethyl)indolin-2-one; 1.1 kg of potas-
sium 10dide; 20.0 kg (111.92 mole) of potassium carbonate
and 63.2 Iit of sulfolane. The contents of the flask were
initially heated to 75° C. to 80° C. for 2 hrs. Then temperature
was raised to 95° C. to 100° C. and stirred t1ll completion of
the reaction. After completion of the reaction 210 lit of DM
water was added to the reaction mixture and stirred. The
product was filtered off and washed with water and dried to
obtain 29.75 kg of 3-(2-(4-(1,2-benzisothiazol-3-yl)-1-piper-
azinyl))ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-one
(Ziprasidone).

Example 4

Purification of 5-(2-(4-(1,2-benzisothiazol-3-yl)-1-
piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-
one (Ziprasidone)

Crude Ziprasidone was suspended 1n 10% IPA 1n water and
stirred for 30 min, solid obtained was filtered and washes with
water and acetone and then solid was dried under vacuum to
obtained  5-(2-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)
cthyl)-6-chloro-1,3-dihydro-2H-1ndol-2-one (Ziprasidone)

Example 5

Purification of 5-(2-(4-(1,2-benzisothiazol-3-yl)-1-
piperazinyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-
one (Ziprasidone)

In glass-lined reactor placed 16 kg of crude 5-(2-(4-(1,2-
benzisothiazol-3-yl)-1-piperazinyl )ethyl)-6-chloro-1,3-di-
hydro-2H-1ndol-2-one, dissolved 1n 1120 lit of THF at 65-66°
C. The clear solution was treated with 2.4 kg of activated
carbon at 64-66° C. for 15 min and filtered while hot. The
filtrate was concentrated up to 10 volume and mixed with
equal amount of methanol. The solid thus obtained was fil-
tered to get 5-(2-(4-(1,2-benzisothiazol-3-yl)-1-piperazinyl)
cthyl)-6-chloro-1,3-dihydro-2H-1ndol-2-one (Ziprasidone)
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The mvention claimed 1s:
1. A process for preparing a compound of formula (I):

o GO
Ar— N—(C2H4)H

wherein

Ar 1s naphthyl optionally substituted with one to four sub-
stituents independently selected from fluoro, chloro, tr1-
fluoromethyl, methoxy, cyano and nitro; quinolyl; 1so-
quinolyl; quinazolyl; 6-hydroxy-8-quinolyl;
benzoisothiazolyl or an oxide or dioxide thereot, each
optionally substituted with one or more substituents
independently selected from fluoro, chloro, trifluorom-
cthyl, methoxy, cyano, and nitro; benzothiazolyl; ben-
zothiadiazolyl; benzotriazolyl; benzoxazolyl; benzoxo-
zolonyl; indolyl; indanyl optionally substituted by one
or two fluoro; 3-indazolyl optionally substituted by
1 -trifluoromethylphenyl; or phthalazinyl;

nis 1 or2; and

X and Y together with the phenyl to which they are
attached, form a ring system selected from quinolyl;
2-hydroxyquinolyl; benzothiazolyl; 2-aminobenzothia-
zolyl; benzoisothiazolyl; indazolyl; 3-hydroxyinda-
zolyl; indolyl; spiro[cyclopentane-1,3'-indolinyl]; and
oxindolyl; wherein the ring system may optionally be
substituted with one to three substituents independently
selected from (C1-C3) alkyl, or with one substituent
selected from chloro, fluoro; benzoxazolyl; 2-ami-

nobenzoxazolyl; benzoxozolonyl; 2-aminobenzox-

azolinyl; benzothiazolonyl; benzoimidazolonyl; or ben-

zotriazolyl;, and phenyl optionally substituted with one

chloror or fluoro;

the process comprises reacting a monosubstituted pipera-
zine of the formula II

(1)

Ar—N NH

__/
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wherein Ar 1s as defined above, with an alkyl halide con-
taining compound of the formula II1

Hal(czH4)ﬂ4<\_>7X
\

Y

(I1T)

wherein n, X and Y are as defined above and Hal is fluoro,
chloro, bromo or 10do,

by heating in solvent free conditions or, optionally, as
suspension 1n minimum dquantity of non-aqueous sus-

pending liquid, 1n presence of an alkali metal halide
catalyst and a neutralizing agent.

2. A process according to claim 1 wherein the compound of
the formula I 1s 5-(2-(4-(1,2-benzisothiazol-3-yl1)-1-piperazi-
nyl)ethyl)-6-chloro-1,3-dihydro-2H-1ndol-2-one.

3. A process according to claim 1 wherein the compounds

of formula II and formula III are reacted under solvent free
conditions.

4. A process according to claim 1 wherein the compounds
of formula II and formula III are reacted 1n a suspending
liquad.

5. A process according to claim 1 wherein the suspending,
liquid 1s selected from suliolane, diphenyl oxide, parailin.

6. A process according to claim 1 wherein the temperature
1s between 50 to 150° C.

7. A process according to claim 1 wherein the temperature
1s 90° to 100° C.

8. A process according to claim 1 wherein from about one
to five molar equivalents of a neutralizing base based on the
substrate 1s used.

9. A process according to claim 1 wherein the catalyst 1s an
alkali metal 10dide.

10. A process according to claim 6, wherein the tempera-
ture 1s 70° C. to 120° C.

11. A process according to claim 1, wherein the catalyst 1s
potassium 10dide or sodium 1odide.
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